Kinetic evidence for the formation of D-alanyl phosphate in the mechanism of D-alanyl-D-alanine ligase.
The steady state kinetic mechanism, molecular isotope exchange and the positional isotope exchange (PIX) reactions of D-alanyl-D-alanine ligase from Salmonella typhimurium have been studied. The kinetic mechanism has been determined to be ordered Ter-Ter from initial velocity and product inhibition experiments. The first substrate to bind is ATP followed by the addition of 2 mol of D-alanine. Pi is released, and then D-alanyl-D-alanine and ADP dissociate from the enzyme surface. In the reverse direction D-alanyl-D-alanine exhibits complete substrate inhibition (Ki = 1.15 +/- 0.05 mM) by binding to the enzyme-ATP complex. In the presence of D-alanine, D-alanyl-D-alanine ligase catalyzed the positional exchange of the beta,gamma-bridge oxygen in [gamma-18O4]ATP to a beta-nonbridge position. Two possible alternate dead-end substrate analogs, D-2-chloropropionic acid and isobutyric acid, did not induce a positional isotope exchange in [gamma-18O4]ATP. The positional isotope exchange rate is diminished relative to the net substrate turnover as the concentration of D-alanine is increased. This is consistent with the ordered Ter-Ter mechanism as determined by the steady state kinetic experiments. The ratio of the positional isotope exchange rate relative to the net chemical turnover of substrate (Vex/Vchem) approaches a value of 1.4 as the concentration of D-alanine becomes very small. This ratio is 100 times larger than the ratio of the maximal reverse and forward chemical reaction velocities (V2/V1). This situation is only possible when the reaction mechanism proceeds in two distinct steps and the first step is much faster than the second step. The enzyme was also found to catalyze the molecular isotope exchange of radiolabeled D-alanine with D-alanyl-D-alanine in the presence of phosphate. These results are consistent with the formation of D-alanyl phosphate as a kinetically competent intermediate.